Passive transfer of immune sera or purified IgG induced by immunization with animal (canine and cottontail rabbit) papillomavirus virus-like particles (VLPs) have shown protection from subsequent canine and cottontail rabbit papillomavirus challenge (1,2). Immunization with the human papillomavirus (HPV) capsid (L1) VLPs generates high levels of polyclonal antibodies against conformational epitopes on the viral capsid (3), which have been shown to be highly effective in preventing cervical HPV16/18 infections and their associated lesions (4-9). Although the effector mechanism of protection in humans is not completely understood, it is believed that the subset of antibodies induced by vaccination capable of neutralizing virions is responsible for the high degree of protection observed with this vaccine (10). Antibodies against these and other relevant epitopes are probably induced following natural HPV infection, albeit at lower levels than those observed following vaccination. Moreover, natural history studies have shown that incidence and/or prevalence of newly detected HPV infections decline with age in many populations (11). Although part of this decline likely reflects reduced exposure to HPV secondary to fewer sexual partners at older ages, the cumulative effect ARTICLE
Passive transfer of immune sera or purified IgG induced by immunization with animal (canine and cottontail rabbit) papillomavirus virus-like particles (VLPs) have shown protection from subsequent canine and cottontail rabbit papillomavirus challenge (1, 2) . Immunization with the human papillomavirus (HPV) capsid (L1) VLPs generates high levels of polyclonal antibodies against conformational epitopes on the viral capsid (3) , which have been shown to be highly effective in preventing cervical HPV16/18 infections and their associated lesions (4) (5) (6) (7) (8) (9) . Although the effector mechanism of protection in humans is not completely understood, it is believed that the subset of antibodies induced by vaccination capable of neutralizing virions is responsible for the high degree of protection observed with this vaccine (10) . Antibodies against these and other relevant epitopes are probably induced following natural HPV infection, albeit at lower levels than those observed following vaccination. Moreover, natural history studies have shown that incidence and/or prevalence of newly detected HPV infections decline with age in many populations (11) . Although part of this decline likely reflects reduced exposure to HPV secondary to fewer sexual partners at older ages, the cumulative effect 
Background
Infection with human papillomavirus (HPV) 16 or HPV18 elicits an antibody response, but whether the elicited antibodies protect women against subsequent infection by a homologous HPV type compared with seronegative women is unknown.
Methods
Study participants were women aged 18-25 years at enrollment in the control group of the ongoing National Cancer Institute-sponsored, community-based, randomized HPV16/18 Costa Rica Vaccine Trial. At enrollment, 2813 participants were negative for cervical HPV16 DNA and 2950 for HPV18 DNA. Women were interviewed regarding sociodemographic data and medical and health history. Medical and pelvic examinations were conducted for all consenting sexually experienced women. Serum samples taken at enrollment were tested for total HPV16/18 antibodies with a polyclonal enzyme-linked immunosorbent assay, and cervical specimens were tested for type-specific HPV DNA over 4 years of follow-up. Using Poisson regression, we compared rate ratios of newly detected cervical HPV16 or HPV18 infection among homologous HPV-seropositive and HPV-seronegative women, adjusting for age, education, marital status, lifetime number of sexual partners, and smoking.
Results
There were 231 newly detected HPV16 infections during 5886 person-years among HPV16-seronegative women compared with 12 newly detected HPV16 infections during 581 person-years among HPV16-seropositive women with the highest HPV16 sero-levels. There were 136 newly detected HPV18 infections during 6352 person-years among HPV18-seronegative women compared with six new infections detected during 675 person-years among HPV18 seropositives with the highest sero-levels. After controlling for risk factors associated with newly detected HPV infection, having high HPV16 antibody titer at enrollment was associated with a reduced risk of subsequent HPV16 infection (women in the highest tertile of HPV16 antibody titers, adjusted rate ratio = 0.50, 95% confidence interval = 0.26 to 0.86 vs HPV16-seronegative women). Similarly, having high HPV18 antibody titer at enrollment was associated with a reduced risk of subsequent HPV18 infection (women in the highest tertile of HPV18 antibody titers, adjusted rate ratio = 0.36, 95% confidence interval = 0.14 to 0.76 vs HPV18-seronegative women).
Conclusion
In this study population, having high antibody levels against HPV16 and HPV18 following natural infection was associated with reduced risk of subsequent HPV16 and HPV18 infections.
CONT E X T S A N D C A V E A T S

Prior knowledge
Immunization with human papillomavirus (HPV) virus-like particles has been shown to be highly effective in preventing cervical HPV16/18 infections and their associated lesions. Natural infections with HPV also elicit an antibody response, but the degree of protection against subsequent HPV infections is unknown.
Study design
Serum samples were collected from women aged 18-25 years in the control group of the HPV16/18 Costa Rica Vaccine Trial, along with demographic and medical data. Serum samples taken at enrollment were tested for total HPV16/18 antibodies, and cervical specimens were tested for HPV DNA over 4 years of follow-up.
Contribution
High HPV16 and -18 antibody titers at enrollment were associated with a reduced risk of subsequent HPV16 and -18 infection for women in the highest tertiles of HPV16 and -18 antibody titers.
Implications
High antibody levels against HPV16 and HPV18 following natural infection offer some protection against subsequent infections.
Limitations
The effect of HPV antibody titers among women with incident persistent HPV infection could not be evaluated because the trial was still ongoing. The duration of protection after natural infection and whether the protective mechanism can be attributed to neutralizing antibodies or to some other immune protective mechanism are still unknown.
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of naturally acquired immunity may also be contributory. It is therefore reasonable to hypothesize that antibodies that are elicited by natural infection might protect the host against HPV reinfection with the same or related HPV type. A few studies have examined this protection hypothesis (12) (13) (14) . One study among young university students showed approximately 50% decreased risk of subsequent cervical infection with HPV16 and its genetically related types among women with persistent IgG and IgA antibodies to HPV16 (12) . A second study conducted within a population-based natural history cohort in Guanacaste, Costa Rica, showed a 30% decreased risk of subsequent cervical infection with HPV16 among women who were seropositive for HPV16 VLP antibodies, although it was not statistically significant (13) . A third study conducted among HIV-positive and HIVnegative women found no statistically significant evidence that presence of antibodies to HPV16 VLPs reduced rates of cervical HPV16 reinfection (14) Our objective was to evaluate whether antibodies generated following natural infection with HPV16 and HPV18 are associated with reduced risk of detection of the same or related HPV types in the cervix. We used data from the control group of the ongoing, community-based, National Cancer Institute-sponsored Costa Rica HPV16/18 Vaccine Trial of 7466 young women. Serum samples taken at enrollment were tested for total (polyclonal) HPV16/18 antibodies by enzyme-linked immunosorbent assay (ELISA), and cervical specimens taken at enrollment and follow-up were tested for type-specific HPV DNA.
Methods
We analyzed data from the Costa Rica HPV16/18 Vaccine Trial (15), a publicly funded randomized trial of the efficacy of the HPV16/18 vaccine manufactured by GlaxoSmithKline for the prevention of HPV16/18 infection and related precancerous lesions (defined for the trial as cervical intraepithelial neoplasia 2 or 3 [CIN2+] or adenocarcinoma in situ). Enrollment took place between June 2004 and December 2005, and the 4-year follow-up is nearly complete. Participants are women in good general health between 18 and 25 years of age at enrollment from Guanacaste and nearby areas of Puntarenas, Costa Rica. Eligibility criteria included a negative history of chronic conditions requiring treatment, willingness to use birth control during the vaccination period, and stable residence in the study area. Approximately onethird of the women identified in a previous census fulfilled the inclusion criteria and participated in the study.
At enrollment, women provided written informed consent and underwent a urine pregnancy test. Eligible women were randomly assigned to receive either the study vaccine against HPV16/18 or the control vaccine against hepatitis A, administered at enrollment, 1-month, and 6-month visits. At enrollment, women were interviewed regarding demographics, sexual activity, contraceptive use, reproductive history, cigarette use, and family history of cancers. A detailed medical questionnaire was also administered, and medical and pelvic examinations were conducted for all consenting sexually experienced women. During the pelvic examination, cervical cells were collected and placed in liquid cytology medium (PreservCyt; Cytyc Corporation, Marlborough, MA) for liquid-based cytology (ThinPrep; Cytyc Corporation) and for cervical HPV detection. Aliquots destined for polymerase chain reaction (PCR) were stored in liquid nitrogen, whereas the remaining PreservCyt samples were kept at room temperature (~20°C) until they were used to make liquid cytology slides and tested for HPV, Chlamydia trachomatis, and Neisseria gonorrhoeae. All testing was done with the investigators masked to the results of other tests or cytology results from the same individual.
After vaccination, women with negative screening results returned for follow-up annually. Women with low-grade squamous intraepithelial lesions or who were carcinogenic HPV positive with atypical squamous cells of undetermined significance were asked to return every 6 months until their cervical cytology tested as normal three consecutive times. At every follow-up visit, cervical samples were collected from sexually experienced (nonvirgin) women for HPV DNA testing. All study protocols were reviewed and approved by the National Cancer Institute and Costa Rican Institutional Review Boards.
HPV Assessment
Serum collected at enrollment was used to determine HPV16 and HPV18 serological status using a VLP-based direct ELISA, a standard measure of immunogenicity that measures polyclonal antibodies, performed at GlaxoSmithKline Biologicals in Rixensart, Belgium, as described previously (16, 17) . Briefly, testing was performed using ELISA microtiter plates coated separately with 2.7 µg/mL of either HPV16 or HPV18 VLPs, which were produced in a baculovirus expression system. After incubation and washing steps, plates were incubated further to block nonspecific antibodies. Next, they were washed and incubated with serum from participants, positive and negative quality controls, and standards, serially diluted starting at 1:100 in twofold increments. After the washing steps, a peroxidase-conjugated antihuman polyclonal antibody was added to react with the specific antibody. Excess conjugate was removed by washing, following which an enzyme substrate and chromogen were added and the color allowed to develop. Reactions were stopped, and optical density read at 450 and 620 nm. The optical density at 620 nm is read to measure any background signal, which is then subtracted from the optical density at 450 nm. ELISA titers were calculated from a reference curve determined from a reference pool of serum samples from human vaccines using a four-parameter logistic equation from SoftMax Pro (Molecular Devices, Sunnyvale, CA) (16, 17) . ELISA titers of VLP-specific polyclonal antibodies were calculated by averaging the values from all dilutions that fell within the working range of the reference curve relative to the optical density readings and expressed as ELISA units (EU)/mL. Antibody results were dichotomized using standard cutoff points calculated from antibody titer values 3 SDs above the geometric mean titers taken from a group of HPV-negative individuals (16) . Cut points were optical density of at least 8 EU/mL for anti-HPV16 and at least 7 EU/mL for anti-HPV18 (16, 17) .
Total DNA was isolated from 200 µL of a 1 mL PreservCyt aliquot drawn before ThinPrep preparation by using a MagNA Pure LC instrument (Roche Diagnostics, Almere, the Netherlands) and a Total DNA isolation kit (Roche Diagnostics). DNA was eluted in 100 µL of water.
A 10-µL aliquot of extracted DNA was used for each short PCR fragment 10 (SPF10) PCR. The SPF10 PCR primer set was used to amplify at least 54 HPV genotypes, as described earlier (18, 19) . Briefly, this primer set amplifies a small fragment of 65 base pairs from the L1 region of HPV. Reverse primers contain a biotin label at the 5′ end, enabling capture of the reverse strand onto streptavidincoated microtiter plates. The captured amplimers are denatured by alkaline treatment, and the captured strand is detected by a defined cocktail of digoxigenin-labeled probes that detect a broad spectrum of HPV genotypes. This detection method is designated the HPV DNA enzyme immunoassay (DEIA), which provides an optical density value. If the SPF10-DEIA yielded a borderline value (75%-100% of the cutoff value), the PCR was repeated and samples retested by DEIA.
The same SPF10 amplimers (from SPF10-DEIA-positive samples) were used to identify the HPV genotype by reverse hybridization on line probe assay (LiPA) containing probes for 25 HPV genotypes (SPF10 HPV LiPA25, version 1; Labo Bio-Medical Products, Rijswijk, the Netherlands). The LiPA25 detects HPV types 6, 11, 16, 18, Because the Costa Rica HPV16/18 Vaccine Trial is focused on HPV16 and HPV18, to maximize sensitivity for these types, typespecific PCR primer sets were used to selectively amplify HPV16 and HPV18 from 2513 specimens that tested positive by the SPF10-DEIA PCR but that did not contain HPV16 or HPV18, as determined by LiPA25 (20) . Amplimers from the type-specific PCRs were detected by DEIA, similar to the method used for SPF10 amplimer detection. Each run (from DNA isolation to type distinction) was accompanied by parallel positive and negative controls to monitor each step of the procedure, ensuring that DNA isolation, PCR, and post-PCR analyses were individually checked for positivity and negativity. Contamination rates were actively measured and recorded. Over the past 9 years (2001-2010), contamination incidence has been well below 1%.
Statistical Methods
Analyses for HPV16 and HPV18 infections were performed separately. Women in the control group of the trial who were HPV16 and/or HPV18 DNA negative at enrollment with at least 6 months of follow-up were included in the analysis. Participants who were referred to colposcopy at enrollment were excluded to avoid confounding by management/treatment.
The outcome of interest was cervical HPV16 or HPV18 DNA infection newly detected (referred to as "incident" infection) during follow-up. The main exposure of interest was enrollment HPV16 serostatus for the HPV16 analysis and enrollment HPV18 serostatus for the HPV18 analysis. We categorized the serotiters according to tertiles, which we had established a priori. Thus, we compared the cumulative incidence rate of incident HPV infection among seronegative participants vs seropositive participants in the lowest, medium, and highest serotiter groups.
Incidence rates and rate ratios of newly detected HPV infection were calculated using person-time methods for respective HPVseropositive relative to HPV-seronegative women (separately for HPV16 and HPV18). Virgins contributed to the analysis at first report of sexual activity. Because we were not able to identify the exact timing of the incident infection, we assumed the midpoint between last negative detection and first positive detection as the time of infection. We used Poisson regression to evaluate the effect of various exposure variables measured at enrollment on the risk of subsequent cervical HPV DNA detection. , and lastly years since first sex [determined by subtracting current age from age of first sex reported and categorized as within a year, 2, 3, 4, or 5 and more years]) collected at the enrollment visit were used as covariates. To determine the independent effect of serological status and other covariates of interest mentioned above on the risk of newly detected HPV infection, multivariable Poisson models were generated. The relative contributions of each exposure variable, adjusting for the simultaneous effects of covariates statistically significant at P < .05 for either the HPV16 or HPV18 analyses in the final models, were expressed as adjusted rate ratios (ARRs). To ensure that our results were not attributable to false-negative cervical HPV DNA test results at enrollment, we also performed multivariable models that restricted the analytic sample to those with two consecutive negative cervical HPV DNA tests for HPV16 or HPV18, as appropriate.
Results
For the HPV16 analysis, of the 3736 women in the control group of the HPV16/18 Costa Rica Vaccine Trial, we hierarchically excluded 265 (7.1%) women who were cervical HPV16 DNA positive at enrollment, 28 (0.8%) women who were referred to colposcopy, 68 (1.8%) women for whom enrollment HPV16 serology was missing, and 234 (6.3%) women with no follow-up visits (Figure 1, A) . For the HPV18 analysis, we hierarchically excluded 93 (2.5%) women who were cervical HPV18 DNA positive at enrollment, 40 (1.1%) women who were referred to colposcopy, 83 (2.2%) women for whom enrollment HPV18 serology was missing, and 242 (6.5%) women with no follow-up visits (Figure 1,  B) . For both the HPV16 and HPV18 analyses, we excluded 327 (8.8%) virgins who did not initiate sexual activity during the follow-up and one 17 years old. Women excluded were younger and less likely to have higher numbers of lifetime partners compared with women in the analytic sample, mainly because of the exclusion of women who remained virgins.
Of the 2813 women eligible for the HPV16 analysis, 699 (24.8%) were HPV16 seropositive at enrollment (Figure 1, A) . Similarly, of the 2950 women eligible for the HPV18 analysis, 731 (24.8%) were HPV18 seropositive at enrollment (Figure 1, B) . For both HPV16 and HPV18 analyses, the median age was 21 years (interquartile range [IQR], 19-23 years), median number of visits per person was 4, and median interval between study visits was 12 months (IQR, 10-12 months). Among the HPV16-seropositive women, median HPV16 titers were 28 EU/mL (IQR 14-71, range 8-3202); among HPV18-seropositive women, median HPV18 titers were 16 EU/mL (IQR 10-35, range 7-2541). However, the assays for the two HPV types are not identical and titers could not be directly compared.
A total of 291 women acquired a new HPV16 infection over 7843 person-years of observation, a crude incidence rate of 3.7 per 100 person-years (95% confidence interval [CI] = 3.3 to 4.2). A total of 178 women acquired a new HPV18 infection over 8407 person-years, a crude incidence rate of 2.1 per 100 person-years (95% CI = 1.8 to 2.4).
At enrollment, among HPV16-seropositive women, median IgG levels among those with incident HPV16 (n = 60) was 26 EU/mL (IQR 13-49) compared with 29 EU/mL among those with no infection (n = 639) (IQR 14-73, P = .5, Wilcoxon rank sum). Among HPV18-seropositive women, enrollment median IgG levels among those with incident HPV18 (n = 42) was 12 EU/mL (IQR 8-21) compared with 26 EU/mL among those with no infection (n = 689) (IQR 10-37, P = .05, Wilcoxon rank sum).
Overall, there were 231 HPV16 infections newly detected during 5886 person-years among HPV16-seronegative women (crude incidence rate of 3.92 per 100 person-years) compared with 12 HPV16 infections during 581 person-years incidentally detected (crude incidence rate of 2.06 per 100 person-years) among HPV16-seropositive women with the highest HPV16 serotiters. One hundred and thirty-six HPV18 infections were detected during 6352 person-years among HPV18-seronegative women (crude incidence rate of 2.14 per 100 person-years) compared with six HPV18 infections during 675 person-years (crude incidence rate of 0.89 per 100 person-years) among HPV18-seropositive women with the highest HPV18 serotiter levels. Incident HPV16 and HPV18 infections declined with increasing age but were higher among women with a greater number of lifetime partners. HPV16 and HPV18 infections were also increased among single, divorced, or widowed participants compared with married women and among past or current smokers compared with nonsmokers (Tables 1 and 2 ). In multivariable analyses, performed for HPV16 and HPV18 separately, several factors remained statistically significantly associated with incidentally detected HPV16 and HPV18 infection, including decreasing incidence with increasing age and increased incidence in single, divorced, or widowed participants and those with more lifetime partners.
In univariate models, newly detected HPV16 and HPV18 infections were statistically significantly lower in participants with the highest titers compared with seronegative women (Table 3) . In multivariable models, after adjustment for the confounders identified in Tables 1 and 2 , the decreased incidence among those with the highest HPV16 and HPV18 titers remained statistically significant (highest HPV16 tertile: ARR = 0.50, 95% CI = 0.26 to 0.86 compared with HPV16-seronegative women; highest HPV18 tertile: ARR = 0.36, 95% CI = 0.14 to 0.76 compared with HPV18-seronegative women).
To ensure that our results were not attributable to false-negative cervical HPV DNA test results at enrollment, we performed the multivariable models that restricted the analytic sample to those with two consecutive negative cervical HPV DNA tests for HPV16 or HPV18, as appropriate. Independent predictors of new HPV infection were similar to those of the overall analysis, and the magnitude of the observed associations remained similar for the respective HPV titers (highest HPV16 tertiles: ARR = 0.40, 95% CI = 0.17 to 0.80 compared with HPV16-seronegative women; highest HPV18 tertiles: ARR = 0.17, 95% CI = 0.03 to 0.53 compared with HPV18-seronegative women) (data not shown).
We also evaluated the association between enrollment HPV16 titers and incident HPV31, a closely related HPV genotype for which some cross-protection has been reported following VLP vaccination (4,7,21-23). We did not observe any association between enrollment HPV16 titers and incident HPV31 infection (ARR = 0.96, 95% CI = 0.55 to 1.58 in the highest titer group, compared with HPV16-seronegative women). Similarly, we evaluated the association between enrollment HPV18 titers and incident HPV45 and, despite some cross-protection seen after vaccination (4,7,21-23), did not observe any association between enrollment HPV18 titers and subsequent HPV45 infection (ARR = 1.16, 95% CI = 0.64 to 1.94 in the highest titer group compared with HPV18-seronegative women).
Discussion
The major finding of this study was that unvaccinated women with higher antibody titers of HPV16 and HPV18 were at statistically significantly reduced risk of subsequent new HPV16 (50% reduction) and HPV18 (64% reduction) infection relative to seronegative women. The results we observed were independent of sexual behavior or other factors related to risk of cervical HPV DNA infection. Although the underlying mechanisms that explain the protection we observed cannot be defined with certainty based on the results from this study, two broad possibilities exist. First, women with higher levels of antibodies against HPV16 or HPV18 produce neutralizing antibodies that are capable of preventing new HPV infections from occurring. Alternatively, the antibody test used in our study might serve as a marker for other, associated, immunological responses (such as cell-mediated T-cell responses) that might be responsible for protection via rapid clearance of new infections. To the extent that neutralizing antibodies are the mechanism of protection we observed among naturally infected individuals, our findings suggest that the levels of antibodies required for protection are modest and at least an order of magnitude lower than plateau levels of antibodies seen among vaccinated women even 5 years after vaccination (23) , suggesting, in turn, long-term durability of protection afforded by vaccination with the current VLP-based vaccines.
The fact that we observed partial protection may be a result of using the polyclonal ELISA assay, which measures total antibodies, not the specific neutralizing epitopes, although earlier studies among vaccinated individuals showed strong association between the total ELISA used in this study and the secreted alkaline phosphatase neutralization assay, which measures total neutralizing activity (24) . The HPV serology assays currently used are heterogeneous, some measuring total antibodies, whereas others measure specific neutralizing antibodies. Whether assays that measure specific neutralizing epitopes better measure immunity needs to be assessed.
Our results are in accord with a study of 608 female university students, which found that sustained detection of IgG and IgA antibodies to HPV16 VLPs was associated with approximately 50% decreased risk of subsequent HPV16 infection (12) . In another study conducted within a population-based natural history cohort in Costa Rica, a non-statistically significant 30% decreased risk of subsequent infection was initially observed among women who were seropositive for HPV16 VLP antibodies (13) . A recent reanalysis of those data redefining exposure and outcome more stringently (M. Schiffman and N. Wentzensen, unpublished observation) showed evidence for a 50% decreased risk of reinfection among seropositive women, although this effect was not statistically significant because of the reduced sample size in the more stringent analysis. A third study of 1242 women (829 HIV positive and 413 HIV negative) (14) did not show statistically significant evidence that presence of antibodies to HPV16 VLPs reduced rates of reinfection among both HIV-negative and HIV-positive women. The lack of consistency observed in some of the previous studies might be partly explained by the fact that levels of antibodies generated following natural infection are many orders of magnitude lower than those generated through vaccination, resulting in levels of protection that are partial, at best, and therefore difficult to detect reliably. In addition, the previous studies compared women who were seropositive for the specific HPV antibody with women without the antibody and thus did not categorize antibodies among the seropositive women into finer categories, as we have done in this analysis. Indeed, when we examined our data dichotomizing the antibody levels as seropositive vs seronegative, we observed that HPV16-seropositive women had a rate ratio of 0.79 (95% CI = 0.59 to 1.03) compared with HPV16-seronegative women. Similarly, HPV18-seropositive women had a rate ratio of 0.94 (95% CI = 0.69 to 1.36) compared with HPV18-seronegative women. Thus, our analysis indicates that the protection conferred is among those with higher antibody levels. This lack of consistency among studies may be more pronounced because of the fact that the ELISA-based antibody detection assays used in the prevaccination era were more prone to misclassification (25) than currently available assays because they used VLPs produced in a less standardized manner and less pure than those currently available. Both studies that found a protective effect of antibody levels and subsequent infections did so by using a more stringent and specific definition of seropositivity; Ho et al. (12) defined seropositivity at two consecutive visits, and Schiffman's (unpublished) work, based on assays from two different laboratories, considered as positive only those samples that were determined to be positive by both laboratories.
Results from the Papilloma Trial Against Cancer In Young Adults (4) also indicated that protection against lesions may be conferred following natural infection. Using data from the supplemental tables of that study (4), we calculated the relative risk of CIN2+ as 0.56 during average follow-up of 34.9 months among the participants in the control group of the study who were HPV16/18 DNA negative but seropositive compared with 1.13 among the control subjects who were HPV16/18 DNA negative and seronegative, a 50% reduced risk (4). The lower rates of CIN2+ among women with antibodies in this study may also be an indication of conferred protection against lesions following natural infection.
Ho et al. (12) also found that persistent IgG levels were associated with reduced risk for subsequent infection with HPV types that are genetically closely related to HPV16 (ie, HPV31, -33, -35, -52, and -58) (12) . However, we did not find any association between enrollment HPV16 titers and incident HPV31 infection or between HPV18 titers and incident HPV45 infections. This lack of association between antibody levels and protection to related HPV types in our study may be related to low antibody levels in natural infection that do not provide sufficient cross-neutralization potential to be protective, to limited statistical power to detect associations, or to differences in the study populations.
Not surprisingly, our data indicated several other variables that were associated with incident HPV infection. Incident infections decreased with increasing age. Women with more lifetime partners were at increased risk of incident HPV infection, as were single, widowed or divorced women. These findings are in accord with other studies investigating factors associated with incident HPV infection (12, 26) .
Our population was the control group of the community-based randomized trial, which included women selected from a population census. To ensure that our findings were not explained by confounding sexual behaviors for HPV acquisition, we adjusted for sexual risk factors at enrollment in the models. We also examined sexual behaviors of women during follow-up and found no differences in number of recent sexual partners (before detection of the new infection) between seropositive and seronegative women (data not shown). Finally, it is reassuring to note that any residual confounding by sexual behavior is likely to have biased our results toward the null because seropositive women are more likely to have had more lifetime partners, and hence would be more likely to be exposed than seronegative women.
Our findings of a potential protective effect of higher antibody titers on incident HPV infection remained consistent in the analysis restricted to participants with two consecutive negative cervical HPV DNA results and reduced the possibility that our findings are related to false-negative HPV PCR tests for HPV16 or HPV18 at enrollment. A limitation of our analysis at this time is our inability to evaluate the effect of HPV antibody titers among women with incident persistent HPV infection (women positive for cervical HPV16/18 DNA at two consecutive visits) and CIN2+ because our trial is still ongoing. Future studies evaluating the role of antibodies to natural infection and subsequent newly detected cervical HPV DNA infection should consider incident persistent infection at two consecutive positive visits.
In summary, in this cohort of more than 2500 sexually active women, higher HPV16 and HPV18 antibody levels following natural infection were associated with a statistically significant 50% and 64%, respectively, reduced risk of subsequent new HPV16 and HPV18 infection compared with seronegative women. This is a very encouraging finding and an indication that a fraction of young women with higher antibody titers are protected from subsequent HPV infection. Whether this protection can be attributed to neutralizing antibodies or some other immune protective mechanism needs to be further elucidated. If protection is conferred through antibodies, however, it is encouraging to note that the titers required for protection are much lower than those observed in vaccinated women. It will be of interest to investigate the longitudinal patterns of antibody titers in the context of natural infection and duration of protection conferred by natural infection. 
